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Description

[0001] The present application relates to a steering ap-
paratus according to the preamble of claim 1 as disclosed
by JP 08175399 (Patent Abstracts of Japan, vol 1996,
no. 11, November 29, 1996).
[0002] The present invention relates to a steering ap-
paratus of an automobile. More particularly, it relates to
a column assist type electric power steering apparatus
that obtains a steering assist force by an electric motor
attached to a steering column. Description of Related
Arts
[0003] In this type of electric power steering apparatus,
an electric motor is attached to a steering column, so that
vibration from the electric motor is liable to be easily trans-
mitted to the whole steering column.
[0004] Furthermore, a knee protector for causing the
legs and the knees of a driver not to strike against the
steering apparatus may, in some cases, be attached to
the steering column.
[0005] Generally, the knee protector is attached to the
steering column through a bracket fixed to the steering
column. Consequently, the knee protector easily reso-
nates by the vibration from the electric motor. As a result,
the knee protector may, in some cases, produce an ab-
normal sound.
[0006] There is a fear that not only the knee protector
but also a functional component fixed to the steering col-
umn resonates to produce an abnormal sound.
[0007] Document US-A-4,712,446 discloses a dynam-
ic damper for damping a vibration of a steering wheel
caused by flexural vibration of a steering column. The
damper is mounted eccentrically with respect to an axis
of the steering shaft.
[0008] Patent Abstracts of Japan & JP 2000 296779A
discloses a bracket attached to a vehicle body through
an elastic unit made of rubber.
[0009] An object of the present invention is to solve
the above-mentioned technical problems and to provide
an electric power steering apparatus capable of reducing
the production of an abnormal sound by restraining res-
onance.
[0010] The above object is solved by a steering appa-
ratus of claim 1.
[0011] In the present invention, an electric power steer-
ing apparatus comprising a steering column, and an elec-
tric motor, provided in the steering column, for producing
a steering assist force further comprises a member, pro-
vided in the steering column, to which vibration from the
electric motor is transmitted, and a dynamic damper for
restraining resonance of the member to which the vibra-
tion is transmitted.
[0012] According to the present embodiment, the res-
onance of the member to which the vibration is transmit-
ted can be restrained by the dynamic damper, thereby
making it possible to reduce the production of an abnor-
mal sound by the resonance.
[0013] The foregoing and other objects, features, as-

pects and advantages of the present invention will be-
come more apparent from the following detailed descrip-
tion of the present invention when taken in conjunction
with the accompanying drawings.

Fig. 1 is a plan view of an electric power steering
apparatus according to a first embodiment of the
present invention;
Fig. 2 is a perspective view of a dynamic damper, a
bracket, a knee protector, and so forth shown in Fig.
1, where a motor is indicated by a one dot and dash
line;
Fig. 3 is a rear view of the knee protector, etc. shown
in Fig. 2;
Fig. 4 is a side view of the knee protector, etc. shown
in Fig. 2;
Fig. 5 is a front view of the dynamic damper shown
in Fig. 2; and
Fig. 6 is a perspective view of a knee protector ac-
cording to a second embodiment of the present in-
vention.

DETAILED DESCRIPTION OF THE PREFERED EM-
BOIDMENT

[0014] An electric power steering apparatus (hereinaf-
ter referred to as a steering apparatus) according to an
embodiment of the present invention will be described
while referring to the drawings. Fig. 1 is a plan view of a
steering apparatus according to a first embodiment of
the present invention.
[0015] A steering apparatus 1 has a steering shaft 3
for transmitting the movement of a steering wheel 2 (il-
lustrated in simplified fashion in Fig. 1) for steering
wheels, and a steering column 4 for supporting the steer-
ing shaft 3 so as to be rotatable with the steering shaft 3
inserted therethrough. The steering wheel 2 is connected
to one end 5 of the steering shaft 3. When the steering
wheel 2 is rotated, the rotation is transmitted to the wheels
through the steering shaft 3 and an intermediate shaft, a
pinion, a rack shaft, and so forth (not shown) connected
to the other end 6 of the steering shaft 3 so as to be
integrally rotatable, thereby making it possible to steer
the wheels.
[0016] The steering apparatus 1 is mounted on the
body of a vehicle with a direction along the axis of the
steering shaft 3 made diagonal such that the steering
wheel 2 is on the upper side (in the vertical direction in
Fig. 1).
[0017] Furthermore, the steering column 4 is provided
with a torque sensor (not shown) for obtaining a steering
assist force depending on a steering operation and a
steering assist unit 8. They are arranged in a lower por-
tion, which is on the side of the wheels, of the steering
column 4.
[0018] The steering column 4 has a cylindrical jacket
32 surrounding the steering shaft 3, a sensor housing 33
attached to a lower end of the jacket 32, a unit housing
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34 connecting with the sensor housing 33, a lower brack-
et 35 fixed to the unit housing 34 so as to be attached to
the vehicle body, and an upper bracket 36 fixed to the
jacket 32 so as to be attached to the vehicle body. The
torque sensor is accommodated in the sensor housing
33. A part of a steering assist unit 8 is accommodated in
the unit housing 34.
[0019] The steering assist unit 8 has an electric motor
9, and a transmission mechanism (not shown) for trans-
mitting the rotation of the electric motor 9 to the steering
shaft 3. The transmission mechanism comprises a worm
shaft connected to the axis of rotation of the electric motor
9 so as to be integrally rotatable, and a worm wheel en-
gaging with the worm shaft. The worm wheel is attached
to the steering shaft 3 so as to be integrally rotatable.
[0020] The electric motor 9 has its case 10 screwed to
the unit housing 34 by a plurality of bolts.
[0021] In the steering assist unit 8, the electric motor
9 produces a steering assist force in response to a signal
from a torque sensor, attached to the steering column 4,
for detecting the steering operation. The steering assist
force balances with a steering resistance caused by the
steering operation, and is transmitted to the steering shaft
3 through the transmission mechanism.
[0022] Furthermore, a plurality of brackets 12 and 13
are fixed to the steering column 4.
[0023] The bracket 13 supports a switch 15 (only its
part is illustrated in simplified fashion) serving as a mem-
ber to be supported for operating a lamp or the like of the
vehicle. The bracket 13 is formed separately from the
steering column 4, and is fixed to the outer periphery at
an upper end of the jacket 32 of the steering column 4
by welding.
[0024] The bracket 12 supports a knee protector 14
serving as a member to be supported. The bracket 12 is
formed separately from the steering column 4, and is
fixed to the unit housing 34 in the steering column 4 by
screwing.
[0025] The knee protector 14 is a plate-shaped mem-
ber for preventing the legs and knees of a driver from
striking against the electric motor 9, as shown in Figs. 2
to 4. The plate-shaped member is arranged such that its
plate surface forms an inclined surface, as viewed from
the driver. The knee protector 14 is formed using a single
sheet metal integrally with the bracket 12 for supporting
the knee protector 14. The knee protector 14 and the
bracket 12 may be separately formed.
[0026] An integrally formed product has an approxi-
mately plate-shaped portion serving as the bracket 12
and a plate-shaped portion serving as the knee protector
14, and adjacent edges of both the portions are connect-
ed to each other. The integrally formed product forms an
approximately V shape. The integrally formed product is
mounted, close to the vicinity of the electric motor 9. The
bracket 12 and the case 10 of the electric motor 9 are
together fastened and fixed to the unit housing 34 in the
steering column 4 by a plurality of, for example, two bolts
37 (only parts are illustrated). Further, the integrally

formed product has a plurality of, for example, two
through holes 38 at its end, farther away from the edge,
connected to the knee protector 14, of the portion serving
as the bracket 12, and is fixed in a cantilevered state with
the bolts 37 respectively inserted through the through
holes 38.
[0027] The member to be supported and the bracket
12 in such a cantilevered state are generally liable to
easily vibrate. Particularly in the electric power steering
apparatus 1, the electric motor 9 for producing the steer-
ing assist force is provided in the steering column 4. Vi-
bration occurring in the electric motor 9 is transmitted to
the whole steering column 4, and is easily propagated to
sections such as the bracket 12 through the steering col-
umn 4. As a result, each of the sections is liable to res-
onate to easily produce an abnormal sound.
[0028] Therefore, in the present invention, resonance
of a resonance restraint object member 20 provided in
the steering column 4 is restrained using a dynamic
damper 16. The resonance restraint object member 20
is a member to which the vibration from the electric motor
9 is transmitted.
[0029] The dynamic damper 16 is provided in the res-
onance restraint object member 20 whose resonance will
be restrained, for example, the bracket 12. The dynamic
damper 16 comprises an elastic member 17 and a weight
18 supported on the resonance restraint object member
20 through the elastic member 17.
[0030] The dynamic damper 16, the mass, the spring
constant, and so forth of which are adjusted, restrains
the resonance of the resonance restraint object member
20 provided in the steering column 4. As a result, it is
possible to reduce the production of an abnormal sound
by the resonance of the resonance restraint object mem-
ber 20. Consequently, the production of the abnormal
sound by the electric power steering apparatus 1 can be
reduced.
[0031] As the resonance restraint object member 20,
the bracket 13 and a member to be supported thereby,
for example, can be exemplified in addition to the above-
mentioned bracket 12. The bracket 13 and the member
to be supported thereby may, in some cases, also reso-
nate. In this case, it is preferable that the dynamic damper
16 is provided. The resonance restraint object member
20 may be any member, provided that it is liable to res-
onate to produce an abnormal sound. It is possible to
restrain, if there is a member whose resonance will be
restrained even in a steering apparatus having no bracket
provided therein, for example, the resonance by provid-
ing the member with the dynamic damper 16 according
to the present invention.
[0032] Particularly, the dynamic damper 16 is desira-
ble for restraining the resonance of the bracket fixed to
the steering column 4 in order to support the member to
be supported. Such a bracket is generally liable to easily
vibrate. However, the resonance of the bracket can be
restrained by the dynamic damper 16. Accordingly, the
production of the abnormal sound can be effectively re-
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duced.
[0033] Furthermore, the above-mentioned bracket is
provided with the dynamic damper 16, thereby making it
possible to restrain the resonance of the bracket and the
member to be supported collectively and effectively near
its root.
[0034] Here, as the bracket fixed to the steering col-
umn 4, the brackets 12 and 13 can be exemplified. How-
ever, the bracket is not limited to the same. For example,
it may be one formed integrally with the steering column
4 in addition to one formed separately from the steering
column 4. Further, the member to be supported thereby
is not limited.
[0035] As the member to be supported, a harness clip,
a knob and a shaft of a column shift, a column cover, etc.
can be exemplified in addition to the knee protector 14,
the switch 15, etc.
[0036] Particularly as the bracket whose resonance is
restrained by the dynamic damper 16, the bracket 12 for
supporting the knee protector 14 is preferable. That is,
the knee protector 14 is liable to resonate to easily pro-
duce an abnormal sound. However, the resonance of the
knee protector 14 can be restrained by the dynamic
damper 16, thereby making it possible to more effectively
reduce the production of the abnormal sound. The brack-
et 12 may support a member other than the knee protec-
tor 14 together with the knee protector 14.
Alternatively, the bracket 12 alone may be fixed to the
steering column 4, or the bracket 12, together with an-
other member, may be fastened and fixed to the steering
column 4.
[0037] Particularly when the bracket 12 for supporting
the knee protector 14 and the case 10 of the electric
motor 9 are together fastened to the steering column 4,
it is preferable that the dynamic damper 16 is provided.
That is, the knee protector 14 easily resonates because
the vibration from the electric motor 9 is easily transmitted
to the knee protector 14 through the bracket 12. Further,
the knee protector 14 is arranged in the vicinity of the
electric motor 9, so that it is liable to easily resonate upon
receipt of a sound wave propagated through air from the
electric motor 9. However, such resonance which easily
occurs in the knee protector 14 can be effectively re-
strained by the dynamic damper 16. Consequently, it is
possible to effectively reduce the production of the ab-
normal sound.
[0038] The dynamic damper 16 is provided on a sur-
face, on the side of the motor, of the bracket 12 in such
a manner that it is covered with the knee protector 14
from the driver. Consequently, the dynamic damper 16
does not preferably interrupt the driver.
[0039] In the dynamic damper 16, the weight 18 is sup-
ported on the bracket 12 through the elastic member 17.
Consequently, the dynamic damper 16 can effectively
restrain the resonance of the bracket 12.
[0040] As the dynamic damper 16 according to the first
embodiment, the weight 18 is a member made of a metal
forming the shape of a plate parallel to the bracket 12,

as shown in Figs. 3 to 5. The elastic member 17 is com-
posed of a plate member 21 made of a metal, and com-
prises a plate-shaped receiver 22 fixed to the weight 18
along a plate surface 19 of the weight 18, and a plurality
of, for example, two elastic legs 24 composed of a plate
member made of a metal for supporting both ends 23 of
the receiver 22 on the bracket 12. The elastic legs 24 are
so constructed that a clearance which is relatively dis-
placeable is provided between the bracket 12 and the
plate surface 19 of the weight 18 while making their plate
surfaces approximately parallel to each other. The elastic
leg 24 is folded in a stepped shape, and a plurality of
pieces forming the stepped shape are elastically de-
formed in a direction perpendicular to the plate surface
19 or a direction parallel to the plate surface 19 and are
formed so as to be displaceable. The dynamic damper
16 can be thinned by thus supporting the plate-shaped
weight 18 parallel to the bracket 12 on the plate member
made of a metal. Consequently, the dynamic damper 16
may not interrupt the driver. Therefore, the dynamic
damper 16 is preferable for the steering apparatus 1 a
part of which is positioned inside of the vehicle. That is,
an effective space for the driver is not narrowed inside
of the vehicle. Further, the elastic member 17 made of a
metal may not degrade oil or chemicals.
[0041] As materials for the plate member 21 made of
a metal, a known metal material, for example, a material
capable of exhibiting a spring function utilizing bending
can be utilized in addition to a spring steel.
[0042] As a dynamic damper 16 according to a second
embodiment, plate-shaped rubber 25 is used in place of
the elastic leg 24 as the elastic member 17, as shown in
Fig. 6. In the second embodiment, points different from
those in the first embodiment will be mainly described,
and the same reference numerals are assigned to the
same constituent elements and hence, the description
thereof is not repeated.
[0043] A weight 18 is a member made of a metal form-
ing the shape of a plate parallel to a bracket 12. An elastic
member 17 includes a plate-shaped rubber 25 interposed
between a plate surface 19 of the weight 18 and the
bracket 12. The rubber 25 is made to adhere to the brack-
et 12 on its surface, and is made to adhere to the weight
18 on the other surface. The rubber 25 elastically sup-
ports the weight 18 so as to be displaceable in all direc-
tions while making plate surfaces of the bracket 12 and
the weight 18 parallel to each other. As materials for the
rubber 25, natural rubber and synthetic rubber, for ex-
ample, can be utilized. A plurality of, for example, two
sets of weights 18 and rubbers 25 are provided on the
bracket 12, constituting the dynamic damper 16. The dy-
namic damper 16 can be thinned by thus supporting the
plate-shaped weight 18 parallel to the bracket 12 on the
plate-shaped rubber 25. Accordingly, the dynamic damp-
er 16 may not interrupt a driver.
[0044] As described in the foregoing, according to the
embodiments of the present invention, the resonance of
the resonance restraint object member 20, such as the
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knee protector 14 and the brackets 12 and 13, caused
by vibration from the electric motor 9 can be restrained
by providing the dynamic damper 16, thereby making it
possible to reduce the production of the abnormal sound
by the resonance.
[0045] The present invention is also applicable to a
known steering apparatus having a steering mechanism
of another construction in addition to a steering mecha-
nism of a rack and pinion type.
[0046] Although the present invention was described
in detail by specific embodiments, those skilled in the art
who have understood the above-mentioned contents will
easily consider its modification, alteration, and equiva-
lents as defined by the scope of the claims.

Claims

1. A steering apparatus (1) comprising
a steering column (4),
a member (20; 12, 14; 13), provided in the steering
column (4), to which vibration from the electric motor
(9) is transmitted, and
a dynamic damper (16) for restraining resonance of
the member (20; 12, 14; 13) to which the vibration
is transmitted,
characterized by
the steering apparatus being an electric power steer-
ing apparatus comprising an electric motor (9), pro-
vided in the steering column (4), for producing a
steering assist force,
the member (20; 12, 14; 13) to which the vibration
is transmitted comprising a bracket (12; 13) fixed to
the steering column (4), the bracket (12; 13) support-
ing a member (14; 15) to be supported, and
the dynamic damper (16) comprising an elastic
member (17; 25) and a weight (18) supported on the
bracket (12; 13) through the elastic member (17; 25).

2. The apparatus of claim 1, characterized in that
the member (14) to be supported comprises a knee
protector (14).

3. The apparatus of claim 2, characterized in that
the bracket (12) for supporting the knee protector
(14) and a case (10) of the electric motor (9) are
together fastened to the steering column (4).

4. The apparatus of claim 2 or 3, characterized in that
the bracket (12) supporting the knee protector (14)
is integrally formed therewith using a single sheet
metal.

5. The apparatus of any of claims 1 to 4, characterized
in that
the weight (18) is in a shape of a plate parallel to the
bracket (12).

6. The apparatus of claim 5, characterized in that
the elastic member (17) is composed of a plate mem-
ber (17) made of a metal.

7. The apparatus of claim 6, characterized in that
the elastic member (17) comprises a plate-shaped
receiver (22) fixed to the weight (18) along a plate
surface of the weight (18), and at least one elastic
leg (24) supported by the bracket (12) and elastically
supporting the receiver (22).

8. The apparatus of claim 7, characterized in that
the at least one elastic leg (24) comprises a plate
member made of a metal extending from an end (23)
of the receiver (22) to the bracket (12).

9. The apparatus of claim 8, characterized in that
the at least one elastic leg (24) is folded in a stepped
shape.

10. The apparatus of any of claims 1 to 5, characterized
in that
the elastic member (25) includes a plate-shaped rub-
ber (25) interposed between the plate surface of the
weight (18) and the bracket (12).

Patentansprüche

1. Lenkvorrichtung (1) mit
einer Lenksäule (4),
einem Element (20; 12, 14; 13), das in der Lenksäule
(4) bereitgestellt ist und auf das eine Schwingung
von dem elektrischen Motor (9) übertragen wird, und
einem dynamischen Dämpfer (16) zum Unterdrük-
ken einer Resonanz des Elementes (20; 12, 14; 13),
auf das die Schwingung übertragen wird,
dadurch gekennzeichnet, dass
die Lenkvorrichtung eine elektrische Servolenkvor-
richtung ist, die einen elektrischen Motor (9) beinhal-
tet, der in der Lenksäule (4) zum Erzeugen einer
Lenkhilfskraft bereitgestellt ist,
das Element (20; 12, 14; 13), auf das die Schwingung
übertragen wird, einen Halter (12; 13) beinhaltet, der
an der Lenksäule (4) festgelegt ist, wobei der Halter
(12; 13) ein zu stützendes Element (14; 15) stützt,
und
der dynamische Dämpfer (16) ein elastisches Ele-
ment (17; 25) und ein Gewicht (18) beinhaltet, das
an dem Halter (12; 13) mittels des elastischen Ele-
ments (17; 25) gelagert ist.

2. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass das zu stützende Element (14) einen
Knieschutz (14) beinhaltet.

3. Vorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, dass der Halter (12) zum Stützen des
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Knieschutzes (14) und ein Gehäuse (10) des elek-
trischen Motors (9) an der Lenksäule (4) zusammen
festgelegt sind sind.

4. Vorrichtung nach Anspruch 2 oder 3, dadurch ge-
kennzeichnet, dass der Halter (12), der den Knie-
schutz (14) stützt, mit diesem unter Verwendung ei-
nes einzelnen Metallblechs einstückig ausgebildet
ist.

5. Vorrichtung nach einem der Ansprüche 1 bis 4, da-
durch gekennzeichnet, dass das Gewicht (18) in
Form einer Platte parallel zu dem Halter (12) ausge-
bildet ist.

6. Vorrichtung nach Anspruch 5, dadurch gekenn-
zeichnet, dass das elastische Element (17) aus ei-
nem Plattenelement (17) gebildet ist, das aus einem
Metall hergestellt ist.

7. Vorrichtung nach Anspruch 6, dadurch gekenn-
zeichnet, dass das elastische Element (17) eine
plattenförmige Aufnahme (22), die an dem Gewicht
(18) entlang einer Plattenoberfläche des Gewichts
(18) festgelegt ist, und wenigstens einen elastischen
Schenkel (24) beinhaltet, der von dem Halter (12)
gestützt ist und die Aufnahme (22) elastisch stützt.

8. Vorrichtung nach Anspruch 7, dadurch gekenn-
zeichnet, dass der wenigstens eine elastische
Schenkel (24) ein Plattenelement beinhaltet, das
aus einem Metall hergestellt ist und das sich von
einem Ende (23) der Aufnahme (22) zu dem Halter
(12) hin erstreckt.

9. Vorrichtung nach Anspruch 8, dadurch gekenn-
zeichnet, dass die wenigstens eine elastische
Schenkel (24) treppenförmig gefaltet ist.

10. Vorrichtung nach einem der Ansprüche 1 bis 5, da-
durch gekennzeichnet, dass das elastische Ele-
ment (25) ein plattenförmiges Gummielement (25)
beinhaltet, das zwischen der Plattenoberfläche des
Gewichts (18) und dem Halter (12) angeordnet ist.

Revendications

1. Dispositif de direction (1) comprenant
une colonne de direction (4),
un élément (20 ; 12, 14 ; 13), prévu dans la colonne
de direction (4), auquel une vibration provenant du
moteur électrique (9) est transmise, et
un amortisseur dynamique (16) pour limiter la réso-
nance de l’élément (20 ; 12, 14 ; 13) auquel la vibra-
tion est transmise, caractérisé en ce que
le dispositif de direction est un dispositif de direction
assistée électrique comprenant un moteur électrique

(9), prévu dans la colonne de direction (4), pour pro-
duire une force d’assistance de direction,
l’élément (20; 12, 14; 13) auquel la vibration est
transmise comprend un support (12 ; 13) fixé à la
colonne de direction (4), le support (12 ; 13) soute-
nant un élément (14 ; 15) devant être soutenu, et
l’amortisseur dynamique (16) comprenant un élé-
ment élastique (17 ; 25) et un poids (18) soutenu sur
le support (12 ; 13) par l’intermédiaire de l’élément
élastique (17 ; 25).

2. Appareil selon la revendication 1, caractérisé en ce
que l’élément (14) à soutenir comprend une ge-
nouillère (14).

3. Appareil selon la revendication 2, caractérisé en ce
que le support (12) pour soutenir la genouillère (14)
et un carter (10) du moteur électrique (9) sont fixés
ensemble à la colonne de direction (4).

4. Appareil selon la revendication 2 ou 3, caractérisé
en ce que le support (12) soutenant la genouillère
(14) est formé d’une seule pièce avec celle-ci à l’aide
d’une feuille métallique unique.

5. Appareil selon l’une quelconque des revendications
1 à 4, caractérisé en ce que le poids (18) est sous
la forme d’une plaque parallèle au support (12).

6. Appareil selon la revendication 5, caractérisé en ce
que l’élément élastique (17) est constitué d’un élé-
ment en plaque (17) composé d’un métal.

7. Appareil selon la revendication 6, caractérisé en ce
que l’élément élastique (17) comprend un récepteur
en forme de plaque (22) fixé au poids (18) le long
d’une surface de plaque du poids (18), et au moins
une patte élastique (24) soutenue par le support (12)
et soutenant de manière élastique le récepteur (22).

8. Appareil selon la revendication 7, caractérisé en ce
qu’au moins une patte élastique (24) comprend un
élément en plaque composé d’un métal s’étendant
d’une extrémité (23) du récepteur (22) au support
(12).

9. Appareil selon la revendication 8, caractérisé en ce
qu’au moins une patte élastique (24) est pliée sous
une forme étagée.

10. Appareil selon l’une quelconque des revendications
1 à 5, caractérisé en ce que l’élément élastique
(25) comprend un caoutchouc en forme de plaque
(25) interposé entre la surface de plaque du poids
(18) et le support (12).
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